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Abstract Objective: To evaluate compliance with recommended patient-care practices for the prevention of hospital-acquired infections (HA1) in the intensive care unit (ICU). Design: European descriptive survey by questionnaire mailed to all the directors of ICUs. Patients andpartieipants: A total of 1642 general ICUs with more than three beds in 14 countries were contacted; 1005 units participated in the study (overall response rate of 61.2%). Measurements and results: Data on the general characteristics of the hospital and of the ICU, surveillance activities, and patient-care practices relevant to the control of HAIs were collected. Compliance varied significantly by the type of practice evaluated. Comprehensive programs adopting all the recommended preventive practices for specific infections were maintained in a very low proportion of units, ranging from 18% for antibiotic policy to 39% for urinary tract infections. Moreover, 14% of the units claimed to adopt three or more practices that are clearly unsafe, and only 35% of the units claimed not to adopt any risky practice. The presence of an infection control nurse was significantly associated with a lower frequency of substandard care. A great variability was observed by country in the adoption of 29 patient-care practices, mostly for practices for which clear-cut guidelines are lacking. Conclusion." Interpretation of data is made difficult by the lack of consensus among experts with respect to some of the practices investigated. Nevertheless, the implementation of standard practices for preventing HAIs is far from satisfactory in the hospitals surveyed, even in a high priority hospital area such as intensive care. Documented European guidelines could be worthwhile in increasing awareness of the ICU staff. The availability of at least
Introduction
Several studies, both in experimental settings and under actual day-to-day conditions [-1-5] , have shown conclusively that a number of patient-care practices are effective in reducing the risk of infectious complications in hospitals, especially in patients exposed to invasive procedures. When these practices (or standards of care) are not adopted, patients are at risk of acquiring infections that could have been prevented. In addition to the measures which have been scientifically shown to be effective, there exist many other infection control measures, some of which are still highly controversial and others which have gained popularity despite the lack of scientific evidence on their efficacy. To increase health professionals' awareness of patient-care practices scientifically proven to be safe, while promoting the abandonment of noncost-effective measures, several institutions and professional health organizations have issued recommendations on patient-care practices [6 10 ]. The majority of proposed recommendations were issued by the Centers for Disease Control and Prevention (CDC) in Atlanta and were adopted by European infection control officers during the 1980s.
Nevertheless, some studies, mostly those conducted in the United States, have shown that the adoption of these recommendations is far from universal. In 1985, the CDC investigated the adoption of 16 specific recommendations in 445 US hospitals selected at random. Compliance varied from 23 to 75%, and 5 of the 16 recommendations were adopted as policy by less than half of the US hospitals [11] . Similarly, while the Study on the Efficacy of Nosocomial Infection Control (SENIC) reported that 32% of hospital-acquired infections could have been prevented by intensive surveillance and control programs, nationwide only 9% of these infections were actually being prevented [12] .
To date, no large-scale survey has been conducted on the adoption of infection control measures in Europe. Information on which practices show a lower overall degree of compliance or a great variability from country to country would be very useful for targeting intervention programs at the European level, such as issuing practice guidelines or developing consensus conferences on controversial issues.
Since many hospital-acquired infections occur in intensive care units (ICUs) [13] [14] [15] [16] , these units represent one of the most important targets for intervention programs aimed at reducing the incidence of infection. The present study is the first survey on infection control activities in ICUs in Europe. It was the first step in a large-scale European collaborative research project, which, as a subsequent activity, carried out a multicenter prospective study on pneumonia to evaluate the influence of practices on patient outcome. In this paper we describe the distribution of patient-care practices for the control of hospital infections.
Materials and methods

Study population
The survey was conducted in 14 European countries: Belgium, Denmark, France, Greece, Germany, Ireland, Italy, Luxembourg, the Netherlands, Portugal, Spain, Sweden, Switzerland, and the United Kingdom. In each country, a study coordinator was responsible for providing the official list of ICUs from which ICUs satisfying inclusion criteria were selected: general ICUs with more than three beds were eligible, but specialized ICUs were not (for example, coronary care units and hematologic, infectious disease, newborn, and burn units). Overall, 1642 ICUs were contacted, and 1005 participated in the study. The overall response rate was 61.2%, varying from 34% in the UK and Ireland to 100% in Portugal. The low response rate in the English centers was probably due to the fact that another study in ICUs had recently been performed [17] .
The participating units were distributed as follows: 
Study methods
In February 1990, a questionnaire was mailed to all the directors of the ICUs; units that did not reply were contacted again in July 1990. The following information was collected: (a) general characteristics of the hospital and of the unit (i.e., number of beds, university affiliation, public/private status, main activity of the unit, mean length of patient stay in the ICU, mean number of admissions per year, mean percent of scheduled admissions, mean percent of ventilated patients, and size of medical and nursing staff); (b) structural characteristics of the unit (i.e., physical size of the unit, number of beds per single room, and number of adequately equipped handwashing sinks); (c) surveillance activities; and (d) patient-care practices relevant to the control of hospital-acquired infections. The patient-care practices investigated are shown in Table 1 ; the standards for recommended practices were taken from guidelines issued by the CDC [-6-8] .
Data analysis
All questionnaires were checked manually for compIeteness and consistency before being coded and entered into the database. Data were analyzed using the statistical package SPSS PC [18] . To describe the extent to which infection control policies were adopted in ICUs, 12 incorrect patient-care practices were selected on the basis of the following criteria: (1) practices considered to be relevant for all the units involved (i.e., those potentially found in most of the patients admitted to any type of unit); and (2) incorrect practices strongly associated with an increased risk of acquiring an infection. The following patient-care practices were selected: (1) no antimicrobial policy (neither written protocol, informal mutual consent nor restricted antimicrobial list); (2) no gloves for suctioning (sterile or not); (3) no sterile catheter for suctioning; (4) no policy for change of i.v. sets used for clear fluids; (5) no policy for change of i.v. sets used for blood; (6) no policy for change of i.v. sets used for total parenteral nutrition; (7) open urinary drainage or closed drainage that is broken often or most of the time; (8) routine bladder irrigation; (9) no use of single rooms, not even for isolating infected patients when appropriate; (10) no use of gloves; (11) no use of masks when caring for selected infected patients or carrying out selected at-risk procedures; and (12) no use of overgowns when caring for selected infected patients. These variables were used to create a new quantitative variable (range 0-12) for identifying the possible characteristics associated with "substandard" care (ICUs adopting three or more of the 12 incorrect patient-care practices). A multiple logistic regression was then performed to obtain an adjusted estimate of the odds ratios and to identify which factors were independently associated with substandard care. To identify which patient-care practices showed a greater variability between countries, 29 selected patient-care practices were ranked according to the interquartile range [19] of the distribution by country of each practice. The results are presented using the box-and-whisker-plot method (Fig. 1) [20] .
Results
General characteristics of the ICUs and distribution of patient-care practices
The general characteristics of the 1005 participating units are described in Table 2 . The majority (72%) were mixed units, and one-fourth were located in teaching hospitals. Surgical units accounted for 21.4% and were usually located in larger hospitals. In the medical units (6.4%) the mean number of beds was higher and the patients stayed significantly longer than in surgical or mixed units. The mean percentage of ventilated patients was significantly higher in mixed units. Table 3 shows that the reported compliance with infection control measures varied and no measure was universally adopted by all the participating units. The use of antibiotics was governed by written guidelines in only one-third of the units, and less than 20% of the units adopted all the recommended measures for maintaining a restrictive policy.
There was little evidence of a consensus on the use of selective digestive decontamination (SDD). Specifically, SDD was routinely used in 247 ICUs (24.7%): in 57 cases (2314%) SDD was administered to all patients and in 187 cases (76.6%) to specific groups of patients only. The preferred SDD regimen was oropharyngeal and intragastric (128, 52.5%), followed by oropharyngeal alone (59, 24.2%); in 37 ICUs (15.2%) both the oropharyngeal regimen and the oropharyngeal plus intragastric regimen were used in specific groups of patients. The SDD regimen included the administration of systemic antimicrobials in 134 ICUs (54.9%); systemic antimicrobials were most frequently used in ICUs where specific groups of patients only were treated with SDD (60.4%) compared to the ones in which all the patients received SDD (36.8%) (Z 2 = 8.89, p = 0.0029). Similarly, systemic antimicrobials were more frequently administered in ICUs where an oropharyngeal plus intragastric SDD regimen was used (64.8%), compared to the ones where only an oropharyngeal regimen was adopted (23.7%) 0{ 2 = 30.57, p = 0.000001). The adoption of infection control procedures recommended for the prevention of nosocomial pneumonia, infections associated with i.v. lines, and urinary tract infections showed large variations, and only a minority of units have adopted all the recommended measures.
Perioperative chest physiotherapy for surgical patients undergoing major thoracic and abdominal operations was routinely applied in 821 ICUs (84.6%), more frequently in surgical units (92%) compared to medical units (86%) and mixed units (82.4%) 0{2= 11.86, p = 0.0027).
In 573 ICUs, only one type of humidifier was used: in 229 (22.9%) non-disposable humidifiers, in 165 (16.5%) heat/moisture exchanger only, and in 115 (11.5%) disposable humidifiers. In 427 ICUs more than one type of humidifier was adopted.
The intervals between changing breathing circuits were significantly longer in ICUs where only the artificial nose was used ( >72 h: 62.1%) compared to units where other types or several types of humidifiers were used ( >72h: 47.9%) (Z 2 = 14.16, p = 0.0027). In 313 ICUs (31.1%) all the recommended investigated practices for prevention of hospital-acquired pneumonia (see Table 1 ) were adopted.
In most of the ICUs (68.8 %), peripheral intravascular catheters were changed on suspicion on infection only; in 46 ICUs (4.6%) they were changed every 24 h, in 132 (13.2%) every 48 h, and in 134 (13.4%) every 72 h. An a!cohol solution for site care antisepsis was preferred in most of the units (73.5%). The policies most frequently adopted for changing i.v. sets included change at bast every 24-72 h for clear fluids (88.9%), after each infusion for blood (76.4%), and every 24 48 h for total parenteral nutrition (TPN) (71.4%). Only 218 ICUs (21.7%) adopted all the recommended investigated practices for prevention of intravascular catheter-related infection.
Compliance with recommended practices for preventing urinary tract infections was high (i.e., written protocols for urinary catheter insertion and care, closed drainage never or rarely broken, no routine bladder irrigation), but only 393 ICUs (39.1%) adopted all these practices.
Isolation and barrier precautions (single room, gloves, mask, and gown) were adopted by more than 90% of the units. Single rooms, masks, overgowns, and head cover were more frequently used for specific infections (61.2, 68.9, 57.5, and 69.9%, respectively), while gloves were used with similar frequency for all patients (40.2%), all infected patients (27.5%), and specific infections (32.3%). Overshoes were rarely used, and mostly for specific infections only (68.7%). In 70% of the units, nursing staff as a rule discontinued work if they were suffering from mild infections.
Frequency of substandard care
In 349 ICUs (34.7%) no risky patient-care practice (see Methods) was reported; one or two of these practices were reported in 516 (51.3) ICUs, three or four in 124 (12.3%) ICUs, and four to six in 48 (4.8%) ICUs. When the distribution of ICUs with >3 or <3 at-risk patient-care practices was cross-tabulated with the characteristics of the hospital (number of beds, university affiliation), characteristics of the unit (main activity, number of beds, length of stay, percentage of ventilated patients, total nursing staff per bed), and infection control resources (infection control committee, infection control physician, infection control nurse, information on nosocomial infections available to the unit), significant associations between substandard care and the following factors were found in the univariate analysis: smaller size ICUs, lack of an infection control physician, lack of an infection control nurse, and lack of information on nosocomial infections. When these associations were further analyzed by logistic regression analysis, only lack of an infection control nurse was still statistically significant (Table 4) .
Variability of patient-care practices by country Figure 1 shows the distribution of 29 selected patientcare practices among the countries, ranked in descending order from the one which shows the greatest variability between countries to that which shows the least variability. The practices for which a greater variability was found (above the median) were the following: use of sterile gloves for suctioning (interquartile range 52. 
Discussion
Maintaining the highest level of compliance with preventive programs known to reduce the risk of nosocomial infections should be a goal for both ward staff and infection control officers. The present study provides information from more than 1000 European ICUs on compliance with infection control measures presently recommended in the literature. Compliance varied significantly by the type of practice studied. More than 80% of the respondents claimed that barrier precautions were used when appropriate, that aseptic techniques were applied for bronchial aspiration, and that i.v. lines were changed routinely within 72 h and more frequently when used for other than clear fluids. High compliance was found for perioperative chest physiotherapy for the prevention of postoperative pneumonia and for the use of closed urinary drainage systems.
Compliance with all other practices investigated was lower. Moreover, comprehensive programs adopting all the recommended preventive practices for specific infections were found to exist in a very low proportion of units: 39% for urinary tract infections, 31% for pneumonias, 22% for i.v. line infections, and 18% for antibiotic policy. It is not reassuring that the formal restrictive policies for the use of antibiotics rely upon '"informal mutual consent" or "no uniform practice" in at least seven out of ten ICUs.
Over the last few years, the emergence of new scientific evidence has led to certain infection control measures being subject to discussion and modification (e.g., the optimal change interval for disposable humidifiers, intravenous infusion sets, and peripheral catheters) [6, 21, 22] . This could explain the wide variation in the adoption of these practices.
The multicenter-multicountry nature of the study and its effect on data quality should be taken into account when interpreting results: instructions were translated into several languages and interpreted by more than 1000 individuals. The actual effect on the quality of the data in this study is not known since data validation was not attempted. Moreover, information on practices was collected using a questionnaire (given that direct observation of practices was difficult to perform on a large scale); therefore, answers may merely reflect what physicians and nurses think should be done, rather than what is actually done.
Practice patterns are influenced by several factors, including uncertainty regarding optimal care, physicians' attitudes, values, tastes, habits, and characteristics, influences of professional leadership, practice setting, supply of health care resources, and by interventions aimed at modifying practice patterns [23] .
The great variability observed by country for some of the 29 practices investigated offers some food for thought of the factors associated with the distribution of specific infection control measures. From the variability observed, it is clear that one of the strongest determinants of practice patterns is represented by the lack of clear-cut guidelines on specific issues. Recommendations become outdated very rapidly and thus should be updated regularly, in order to avoid the contradictory messages in the literature which promote the abandonment or the nonadoption of safe practices.
However, many controversial areas still exist. For instance, the use of sterile or nonsterile gloves for suctioning varied considerably within countries; recommendations on this issue published in the literature are not consistent. CDC, for instance, recommends the use of a sterile catheter and a new pair of gloves for suctioning, but they state that sterile gloves are not necessary [6] ; others recommend sterile gloves for suctioning [24, 25] . However, to the best of our knowledge, no study has established the superiority of sterile gloves over non-sterile gloves.
The optimal product for disinfecting the catheter site has not been conclusively determined and this probably affects practice patterns. While several microbiological studies on the efficacy of different antiseptic products have been conducted, onty one clinical trial has been reported in the literature on the comparative efficacy of povidone-iodine 10%, alcohol 70%, and aqueous chlorhexidine 2% in preventing central catheter-associated infections; the results of this study indicate chlorhexidine to be the most effective product [26] . Meatal care represents another controversial issue in the infection control literature. Given the biological plausibility of a measure aimed at reducing meatal colonization, several authors attempted to investigate the efficacy of daily antimeatal disinfection for the prevention of urinary tract infections, but none of these studies was able to demonstrate any benefit [27, 28] . The variability observed for changing intravenous sets after each blood infusion and breathing circuits every 48 72 h can be attributed to the lack of a clear agreement in the literature on this issue. CDC advocates changing intravenous sets after each infusion of blood and every 24 h for TPN [6] ; other authors currently recommend a less conservative approach, suggesting that a change every 24-48 h is safe both for blood and TeN [22] .
Other interesting clues can be drawn from the analysis of the factors associated with substandard care. The SENIC study pointed out that the availability of an infection control nurse (ICN) and of infection control physicians was associated with more strict compliance with recommended practices and with a consistent reduction in the incidence of nosocomial infections [12] . Accordingly, our study showed that units located in hospitals where an ICN had been appointed reported fewer at-risk patient-care practices than ICUs located in hospitals where ICNs were lacking.
In conclusion, our study showed that the diffusion of safe practices for preventing nosocomial infections is far from satisfactory, even in a priority hospital area such as intensive care. Relevant and documented European guidelines should be translated into clear instructions for safe clinical practice, and the ICU staff should be made aware of the essential infection control measures as well as of unnecessary costly practices, some of which were reported in almost half of the units. The availability of at least one ICN in each hospital should also be strongly advocated.
